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Gangemi, John T., M.S., December 1991 Environmental Studies
Comparative effects of wildfire and timber harvest on periphyton and 
zoobenthos in two northern Rocky Mountain streams (68 pp.)
Director: Craig N. Spencer t rV ;
Disturbance of terrestrial habitats within small watersheds 
may result in significant changes in stream community structure 
and function. Two common disturbance types in small northern 
Rocky Mountain watersheds resulting in deforestation are naturally 
occurring wildfires and man's timber harvests. This study 
exEunined the comparative role of a 20 year old logged reach and a 
recently burned (<1 year old) portion of a catchment basin on the 
periphyton and zoobenthic assemblages in two northwest Montana 
streams. Artificial substrates, placed in the streams, were 
periodically sampled over a 16 week period to determine chlorophyll a  
biomass, AFDM, and algal taxa of the periphyton community.
Biofilm accumulation was significantly higher on tile surfaces in 
disturbed stream reaches compared to undisturbed reference 
reaches. Periphyton growth was significantly higher at the logged 
site compared to the unlogged site, apparently due to higher light 
intensities at the open canopy, logged site. Similarly, periphyton 
growth appeared to be stimulated in the fire impacted reach 
compared to the unbumed reference reach, but only at the end of the 
4 month experiment. This increased periphyton growth was 
apparently due to higher light intensity and nutrient concentrations 
in the burned reach. The delayed algal growth response in the 
recently burned reach may have been due to the lack of high light 
intensity adapted algal taxa during the initial colonization period. 
Zoobenthos density was not significantly different between logged and 
unlogged sites possibly because the logged site was an old 
disturbance event with a significantly higher predator density than 
the unlogged site. Zoobenthos density at the burned site was 
significantly higher compared to the unbumed site probably due to 
the higher nutrient concentrations and higher light intensity in the 
burned reach that resulted in greater algal growth.
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C h ap te r  I 
Introduction
Disturbance events represent primary forces which shape aquatic communities in low- 
order streams (Fischer, 1983; Resh et al., 1988; Golladay et a l; 1989). In northwest 
Montana, wildfire and timber harvest are two of the more common watershed disturbances 
affecting headwater streams (Bushey, 1989). Wildfire has been an important component of 
forested ecosystems in the western United States for thousands of years. Logging began in 
northwest Montana around the turn of the century. In recent years, the timber industry has 
become the central focus of conservation groups concerned with protecting water resources 
on federal, state, and private forested lands. As a result, resource managers are closely 
examining current forest practices to reduce potential water quality impacts stemming from 
timber harvests.
Both of these disturbances often remove terrestrial vegetation along the stream
corridor. Terrestrial vegetation is an important component of the catchment basin
influencing the structure and function of the lotie community (Cummins, 1974; Lyford &
Gregory, 1975; Minshall, 1978; Vannote et al., 1980; Bott, 1983; Minshall et al., 1985).
For example, terrestrial vegetation affects allochthonous energy inputs (Cummins, 1974),
alters the light regime at the water surface (Minshall, 1978; Vannote et al., 1980; Rounick
and Gregory, 1981; Murphy et al., 1981; Bott, 1983), influences discharge and
temperature (Noel et al., 1986), and the input of some dissolved nutrients to streams (Bott,
1983). In disturbed reaches where the terrestrial canopy has been removed by logging or
wildfire, aquatic primary production often increases due to higher light intensities reaching
the stream surface (Lyford and Gregory, 1975; Minshall, 1978; Rounick and Gregory,
1981; Homick et al., 1981; Bott, 1983; Keithan and Lowe, 1985; Lowe et al., 1986; Noel
1
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et al., 1986; Minshall et al., 1989). The benthic macroinvertebrate community in turn may 
shift in response to increases in autochthonous inputs and concomitant decreases in 
allochthonous energy sources following the removal of terrestrial vegetation (Vannote et 
al., 1980). Increased algal production may stimulate growth of grazer, collector and filter 
feeder guilds responding to the rise in food quantity and quality (Minshall et al., 1989). In 
contrast, shredder densities may diminish due to a loss of leaf litter inputs.
Disturbance events also may effect the transport of nutrients to lotie systems. Nutrients 
typically enter the lotie environment through groundwater upwelling, erosional processes, 
leaching and areal transport Spencer and Hauer (1991) attributed higher nutrient 
concentrations in streams burned by wildfire to areal transport in smoke and ash. Other 
researchers report increased nutrient concentrations following disturbance events resulting 
from a combination of overland flow, groundwater upwelling and mass wasting (Gluns 
and Toews, 1989; Minshall et al, 1989).
Although previous studies have monitored the effects of wildfire on water chemistry 
(Tiedeman et al., 1979; Schindler et al., 1980; Gluns and Toews, 1989; Spencer and 
Hauer, 1991), few published reports (Roby, 1989) exist on the response of stream 
invertebrates following a wildfire event. Minshall (personal communication) has been 
studying the extended response of aquatic biota to wildfires on tributaries of the Salmon 
River and more recently in the Greater Yellowstone Area. Although both studies are stiU in 
progress, Minshall et al. (1989) predicts an increase in primary and secondary production 
due in part to higher light intensities reaching streams following the fires.
Despite some similarities between logging and wildfire I have found no comparative 
research documenting the parallel effects of these two disturbance events on lotie systems. 
This study examines changes in productivity and composition of the periphyton community
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
following catchment disturbances by both fire and logging on separate streams. Benthic 
macroinvertebrate community structure and function were also examined in streams located 
in burned and logged catchments. I predicted an increase in primary production in open 
canopy reaches due to increases in light intensity at the water surface and increased 
transport of nutrients to the stream environment resulting from soil disturbance and areal 
deposition of ash and smoke. Given increased algal production, I also anticipated higher 
densities of those macroinvertebrate taxa that rely on autochthonous inputs.
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C h a p te r  II 
Study Area and Disturbance History
This study was conducted fiom June to October 1989 on three streams; Cummins 
Creek and the South Fork of Coal Creek which are tributaries to the North Fork of the 
Flathead River (Figure 1) and Lion Creek, a reference stream draining into the Swan River 
approximately 100 km south of the other two streams. Each stream contained an upstream 
reference site reflecting pre-fire or pre-logging conditions and a downstream impacted site. 
Cummins Creek is located on the east side of the North Fork of the Flathead River in an 
area burned by the Red Bench Fire in the Fall of 1988. The fire burned approximately 
15,500 ha including the lower portion of the Curnrnins Creek catchment. The South Fork 
of Coal Creek is located on the west side of the North Fork of the Flathead River. The 
study reach was clear-cut for 2 km along both sides of the stream with no buffer strips.
The clear-cut encompasses several harvest units which were cut 20 years prior to the start 
of this study. Lion Creek was chosen as a reference stream for this study due to the 
absence of any large watershed disturbances upstream of the study sites. The site locations 
on the three study streams were chosen for similarities in current velocity, water depth, and 
substrate composition.
Cummins Creek: The upstream reference site (unbumed site) is in the southwest 
quarter of section 23 on the Quartz Ridge quadrangle (USGS 7.5 minute series). The 
disturbed site (burned site) is 2.9 km downstream of the unbumed site in the southwest 
quarter of section 27 on the Quartz Ridge quadrangle.
The overstory canopies were distinctly different at the bumed and unbumed sites on 
Cummins Creek. No deciduous leaves or conifer needles remained in the understory or
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
overstory canopy of the terrestrial plant community at the bumed site. However, many 
bare lodgepole pines {Pinus conforta), bumed by the fire, remained standing providing 
some shading to the stream surface. In contrast, the unbumed site had a dense understoiy 
of narrow-leaved alder (Alntis tenuifolia) extending over the stream surface and a full 
coniferous overstory dominated by lodgepole pine.
South Fork of Coal Creek: The upstream reference site (unlogged site) is in the 
southwest quarter of section 26 on the Moose Peak quadrangle (USGS 7.5 minute series). 
The disturbed site (logged site) is 2.5 km downstream in the northwest quarter of section 
25 on the same quadrangle.
The two sites on the South Fork of Coal Creek were distinctly different in appearance. 
The unlogged site had a dense coniferous overstoiy canopy dominated by Douglas fir 
(Pseudotsuga menziesii) with narrow-leaved alder in the understory. The logged site had 
no overstory canopy although a secondary growth of perennials, narrow-leaved alder and 
young Douglas fir were well established. The vegetation provided some shading to the 
stream, however, the majority of the stream surface was unshaded.
Lion Creek: The upstream site (undisturbed) of the reference stream is in the 
southwest quarter of section 8 on the Swan Peak quadrangle (USGS 7.5 minute series). 
The downstream site (undisturbed) is 2.8 km below in the northeast quarter of section 13 
on the same quadrangle. Both sites were shaded by a dense canopy of westem red cedar 
(Thuja plicata) with scattered patches of narrow-leaved alder in the understory.
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Figure 1; Map of study area for Cummins Creek (CC) and the South Fork of Coal Creek 
(SFCC). Fire boundary is outlined. Site locations are marked by arrows with the initials 
of each stream followed by an {-A) for the upstream reference site and (-B) for the 
downstream impacted site on the respective streams.
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Chapter HI 
Methods and Materials
Periphyton
Periphyton growth was monitored with artificial substrates which consisted of clay tiles 
measuring 228 cm in area. Previous studies have reported that nutrients may leach from 
clay surfaces, thereby interfering with experimental results (Bauman, 1988; Fairchild and 
Everett, 1988). Therefore, nutrients were leached from the tiles before placing them in the 
streams by soaking them in a 5% HCL acid solution for two separate 48 hour periods and 
then soaking them in Flathead Lake, a large oligotrophic lake. Li addition, each tile was 
scrubbed by hand after the leaching process. PVC pipe measuring 3.8 cm in diameter was 
cut in half lengthwise and glued to the bottom of each clay tile raising the artificial 
substrates from the stream bottom to minimize grazing by stream invertebrates (Figure 2). 
The tiles were mounted on 2.75 meter lengths of wood (2.5 cm * 2.5 cm) using screws 
which passed through pre-drilled holes in the PVC pipe. Each board held 6 tiles. The 
wooden frame was anchored to the stream substrate with 0.5 meter metal rods.
Figure 2: Cross-section of artificial substrate mounted on PVC pipe and wooden 
frame and placed in streams for 16 week experiment.
Exposed s u r f a c e  of t i l e
:
Wooden f r a m e  
S c r e w
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In order to monitor differences in periphyton growth that might be attributed to the 
framework and/or grazing, twenty-four tiles were placed at each site with an additional six 
tiles placed directly on the substrate without PVC pipe risers at the two sites on the South 
Fork of Coal Creek. Tile depth varied between 15 to 25 cm below the stream surface. 
Artificial substrates were placed in the streams in late June, after peak discharge.
Three randomly selected tiles from each site were removed by unscrewing the tUe from 
the submerged board at 1, 2,4, 8, and 16 week intervals. Benthic invertebrates were 
picked from the tiles and placed in 70 percent ethanol for laboratory identification. The top 
surface of each tile was then scraped with a razor blade and the dislodged material rinsed 
into a 250 ml dark polyethylene bottle with deionized water. Samples were stored on ice 
and brought to the laboratory on the same sampling day. The contents of each sample 
bottle was subsampled in the laboratory for determination of ash free dry matter (AFDM), 
chlorophyll a, and algal taxonomy.
AFDM biomass was calculated from the average of three replicate samples filtered 
through Gelman A/E glass-fibre filters, weighed dry (100°C) and fired (550®C) followed by 
wetting, drying (100°C) and weighing to estimate AFDM.
Chlorophyll a standing crops were calculated from the average of three replicate 
samples filtered through Gelman A/E glass-fibre filters, homogenized and extracted with 90 
percent acetone using American Public Health Association Standard Methods (1985). 
Samples with high concentrations of chlorophyll a were analyzed on a Perkin Elmer model 
559 spectrophotometer. Chlorophyll a values using the spectrophotometer were 
determined using the following equation (Lorenzen, 1967; Marker et al., 1980):
Chl a mg/m3= (Eb - Ea)(-£-) » K ( ^ )
r-1 V ^ 1
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where:
Eb = extract absorption at 664 nm before acidification.
Ea = extract absorption at 665 nm after acidification.
r = maximum acid ratio (Ey/Ea) for pure chlorophyll a standard containing no 
phaeopigments.
K = 1000/SAC
= SAC = specific absorption coefficient of chlorophyll a  at 665 nm.
= 90 % acetone SAC = 89 L * g cm'l.
V = volume of sample, liters.
V = volume of extract solvent used, ml.
1 = pathlength of cuvette.
Samples with lower concentrations of chlorophyll g were analyzed on a model 10-000 
R Turner Designs fluorometer. Chlorophyll a values using the fluorometer were 
determined using an equation based on curves for each sensitivity scale derived from 
standards:
Chl a mg/m3= ((Eb - E J  * slope + intercept)(vol. ratio) 
where:
Ey = extract absorption before acidification.
Ea = extract absorption after acidification.
slope = based on standard curves generated for each sensitivity scale.
intercept = based on standard curves generated for each sensitivity scale.
volume ratio = volume of extract solvent used, ml, divided by volume of sample, liters.
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specific growth rates were calculated for the time period between sampling dates using 
the exponential growth equation.
N(t) = N(0)ert
Statistical analysis of chlorophyll a and AFDM data included between site comparisons 
on a specific sampling date using unpaired Student’s t-tests and single factor repeated 
measure ANOVA for the combined sampling dates of between site comparisons.
Etesisâland..Chs,n̂ £^
Discharge was estimated using a General Oceanics model 2030R current meter.
Current velocity over the artificial substrates was measured 5 cm above the tiles using the 
same current meter. Light intensity was measured at the water surface directly above the 
tiles at each site in footcandles using a General Electric model 214 light meter.
Chemical data on Cummins Creek was collected and analyzed by Flathead Lake 
Biological Station (FLBS) researchers in a concurrent study of the Red Bench Fire 
(Spencer and Hauer, 1991). Chemical parameters included dissolved organic carbon 
(DOC), soluble reactive phosphorus (SRP), total phosphorus (TP), nitrate/nitrite, 
ammonium, and total nitrogen (TN). Water chemistry samples on the South Fork of Coal 
Creek were limited due to budgetary constraints. Water chemistry data were obtained from 
a study carried out during the summer of 1990 by FLBS researchers (Hauer and Blum, 
1991). Chemical parameters on Lion Creek were monitored at the downstream site in 
conjunction with the FLBS monitoring project of Flathead Lake tributaries (Stanford et al., 
1990). All chemical analysis were carried out by technicians at the FLBS using American 
Public Health Association Standard Methods (1985).
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^gnthps
Benthic macroinvertebrates were sampled using a modified kick net technique (Hauer 
and Stanford, 1981) at upstream and downstream sites near the locations of the artificial 
substrates on the three study streams. Three replicate samples of benthic 
macroinvertebrates were taken on week 4, 8, and 16 of the artificial substrate experiment. 
The area sampled was 0.25 m^. Sampling procedures were standardized by choosing 
riffles with similar composition and allowing 45 seconds shuffling the substrate by foot 
then an additional 15 seconds rubbing the substrate by hand. The mesh size on the kick net 
was 125 |im. Samples were preserved in 70 percent ethanol and returned to the laboratory 
for identification and enumeration.
Samples were rinsed in a 150 micrometer sieve in the laboratory. Large organisms 
were removed from each sample. Smaller organisms were subsampled, sorted to order, 
and identified to genus and species except for diptera which were identified to the family 
level in most cases. Organisms were grouped by functional feeding groups (see Table 3) 
based on mouthparts, field observations, and previous researchers observations (Merritt 
and Cummins, 1984).
Biomass was calculated by drying organisms in an oven at 105 degrees centigrade for 
12 hours and placing in a desiccator for 1 hour prior to weighing. In some cases 
(individual organisms that were too small to be weighed accurately), a number of 
organisms from the same taxa were combined, weighed, and used to estimate the average 
weight of an individual.
Wet weights were used for rare stoneflies that were archived at FLBS. These weights 
were multiplied by a conversion factor calculated from the ratio of dry weights to wet
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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weights of more abundant stonefly species. Wet weights were determined after spinning 
specimens in a centrifuge at 2600 rpm for 10 minutes.
Statistical analysis of individual functional feeding group density and biomass was 
carried out using unpaired Student's t-tests for between site comparisons on a specific 
sampling date. Two factor ANOVA's were used to compare sites over time. All statistical 
comparisons of benthic macroinvertebrates referred to in the results section are based on the 
Student's unpaired t-test unless otherwise noted.
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Chapter IV 
Results
Lion Creek was originally chosen as a reference stream for this study. The purpose of 
the reference stream was to document longitudinal changes in periphyton growth and 
aquatic macroinvertebrate density that occur naturally in low order streams. However, 
woody debris frequency on Lion Creek was higher and larger than the two experimental 
streams in this study. The large westem red cedars forming debris jams decreased the 
stream velocity causing the deposition of sand and finer sediments. The dominant substrate 
on Lion Creek was sand compared to the rubble/boulder substrate characteristic of the two 
experimental streams in this study. Those reaches of Lion Creek containing rubble 
substrate were substantially embedded reducing the interstitial spaces. As a result, benthic 
macroinvertebrate densities were depressed. Therefore, due to large differences in physical 
characteristics between Lion Creek and the other 2 streams, I concluded that it was not 
appropriate as a reference stream. Data for Lion Creek is presented in the appendix only.
Ehysiçal and Chemical dm
The mean water temperature measured over the five sampling dates at the unlogged site 
on the South Fork of Coal Creek was 6.8°C while the mean for the logged site was 7.8°C. 
These temperature values were not significantly different between sites (p < 0.54; Student's 
unpaired t-test). The highest temperature was 9.0°C recorded at the unlogged site on day 8, 
day 15, and day 61. There were no significant differences in DOC, SRP, TP, 
nitrate/nitrite, ammonium, or TN between the upstream and downstream sites on the South 
Fork of Coal Creek (Hauer and Blum, 1991) (Figure 3).
13
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Figure 3: Dissolved nutrients at logged and unlogged sites on the South Fork of Coal 
Creek; TP, total phosphorus (A), TO, total nitrogen (B), SRP, soluble reactive
phosphorus (C), NO2/3. nitrate/nitrite (D), DOC, dissolved organic carbon (E),
ammonia nitrogen (F).
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The mean temperature over the five sampling dates at the unbumed site on Cummins 
Creek was 7.6°C and the bumed site was 9.3°C. Temperature values were not significantly 
different between sites on Cummins Creek (p < 0.33; Student’s unpaired t-test). Spencer 
and Hauer (1991) found substantially higher concentrations of TP and TN at the bumed 
site following the Red Bench Fire during the summer coinciding with the artificial substrate 
experiment (Figure 4). SRP showed an initial peak at the bumed site during the fire and 
again in the spring of 1989 prior to spring mn-off. However, SRP concentrations were 
similar at the bumed and unbumed sites during the period when the artificial substrates 
were submerged. Nitrate/nitrite concentrations were 4-5x higher at the bumed site than the 
unbumed site when the artificial substrates were initially submerged but were similar in 
concentration at the two sites for the remainder of the study. Ammonium concentrations 
were similar at the two sites throughout the artificial substrate sampling period. DOC was 
higher at the bumed site throughout the 16 week period of the artificial substrate 
experiment.
Mean light intensity (Figure 5) was significantly greater at the logged site than the 
unlogged site on the South Fork of Coal Creek (p < 0.0001, Student's unpaired t-test). 
Mean light intensity was significantly higher at the bumed site than the unbumed site on 
Cummins Creek (p < 0.05, Student's unpaired t-test).
Stream discharge was virtually identical for each paired site since no major inputs or 
outputs occurred between sites on the respective streams.
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Chlorophyll a
Chlorophyll a  standing crop at the logged site on the South Fork of Coal Creek (Figure 
6-A) was significantly higher than the unlogged site on the last 4 sampling dates (P < 0.01; 
single factor ANOVA). Mean chlorophyll a standing crop at the logged site on sampling 
day 101 was 5.7 mg m"^ compared to a mean value of 1.2 mg m‘2 for the unlogged site.
Chlorophyll a standing crop on Cummins Creek (Figure 6-B) was not significantly 
different between the reference and burned site (P <0,18; single factor ANOVA). 
Chlorophyll a  standing crop remained low at both sites on Cummins Creek through 
sampling day 61 (< 1 mg m‘2). However, on sampling day 97 chlorophyll a standing crop 
at the burned site increased to 8.5 mg m‘2 compared to 1.8 mg m '^  at the unbumed site. 
This was the highest chlorophyll a standing crop recorded for the two study streams. 
However, there was no significant difference between burned and unbumed sites (P <
0.21; Student's t-test) due to a high degree of variance in periphyton growth between the 
submerged tiles at the burned site. Field observations in October revealed distinctly 
different algal communities at the burned and unbumed sites on Cummins Creek. The 
bumed site had a thick green mat of algae covering approximately 90 percent of the natural 
substrate. The unbumed reach had no obvious signs of algal growth on the October 
sampling date.
The South Fork of Coal Creek supported the highest specific growth rate of the periphyton 
community on the two study streams. The specific growth rate was highest at the logged 
site on the South Fork of Coal Creek between sampling days 8 and 15 (Figure 7-A) and 
was significantly higher than the rate at the unlogged site on the same date (P < 0.001; 
Student's unpaired t-test). The specific growth rate continued to be higher at the logged 
site than the unlogged site for the sampling period between days 15 and 27 (P < 0.10;
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Student's unpaired t-test). At the unlogged site, the specific growth rate peaked in 
September/October, between sampling days 61 and 101. Specific growth at the unlogged 
site exceeded that at the logged site for this sampling period but was not significant 
(Student's unpaired t-test).
Differences in the specific growth rate between the unbumed and bumed sites on 
Cummins Creek (Figure 7-B) was less pronounced than those between the two sites on the 
South Fork of Coal Creek. The specific growth rate remained low at both the bumed and 
unbumed sites for the first 1 and a 1/2 months of the experiment. However, the specific 
growth rate at the bumed site between sampling day 61 and 97 was significantly greater 
than the growth rate at the unbumed site (P <0.10; Student's unpaired t-test). The specific 
growth rate was highest at both sites between sampling days 61 and 97.
Specific growth rates at the 4 sites on the two study streams peaked at different times. 
The logged site peaked in July whereas the highest specific growth for the unlogged site 
occurred during the September/October sampling period. The specific growth rate at the 
bumed and unbumed sites also peaked in September/October.
Ash Free Drv Matter
AFDM biomass (Figure 8-A) at the logged site on the South Fork of Coal Creek was 
significantly higher than the unlogged site for the combined sampling dates of the artificial 
substrate experiment (P <0.01; single factor ANOVA, repeated measures). AFDM 
biomass increased steadily at the logged site on the South Fork of Coal Creek on each 
subsequent sampling date with the maximum value occurring on the final sampling date. 
AFDM biomass at the unlogged site remained relatively constant with a slight decline on the 
final sampling date.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
22
CM
6000
5000- ®—  Unlogged 
-•—  Logged
E 4000 -
O)
^ 3000 ■
s
S 2000 - 
<
1000 -
0 20 40 60 80 100
CM
D ays
6000 i
Unburned
Burned
5000-
g  4000 - 
E
3000-
s
ou.
< 2000 -
1000 -
60 80 100400 20
D ays
Figure 8: Mean AFDM biomass of periphyton on artificial substrates at two sites on the 
South Fork of Coal Creek (A) and Cunirnins Creek (B). Error bars equal 1 standard 
deviation. Artificial substrates were submerged for a 16 week period from June to 
October, 1989.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
AFDM biomass on Cummins Creek (Figure 8-B) was not significantly different 
between unbumed and bumed sites (single factor ANOVA, repeated measures). Maximum 
AFDM biomass values for both the bumed and unbumed site on Cummins Creek occurred 
on the last sampling day. The bumed site contained 3821.6 mg m-^ of AFDM on day 97 
compared to 3181.7 mg m*2 at the unbumed site.
Algal Species
The algal community at the logged and unlogged sites at the South Fork of Coal Creek 
were distinctly different The logged site contained 7 algal taxa not present at the unlogged 
site (Figure 9 and Table 2). Only 1 algal taxa was unique to the unlogged site. Algal mats 
were clearly visible at the logged site in August and October both on tiles and the natural 
substrate but were never evident at the unlogged site. The logged site was dominated by 
three filamentous chlorophytes {Zygnema sp., Ulothrix sp., and Stigeoclonium sp.) and 
several species of pennate diatoms, varying in abundance, interwoven in the mat growing 
on the tiles. Tiles at the unlogged site were dominated by an unknown filamentous form 
lacking chloroplasts and coloration. Scrapings also contained two species of pennate 
diatoms (Didymosphenia sp. and Hannaea sp.). Filamentous chlorophytes were absent 
from the unlogged site. Tile scrapings from the logged site appeared to have a higher 
density of diatoms than scrapings from the unlogged site. The diatom and algal community 
found on the tiles at the respective logged and unlogged sites was similar to the community 
on the adjacent natural substrate.
The bumed site contained 5 algal taxa not present at the unbumed site (Figure 10).
Only 1 algal taxa was unique to the unbumed site. Three species of filamentous green 
algae were present on the artificial substrates in the bumed reach along with a number of 
pennate diatom species as well as two species of blue-green algae (Table 2). Artificial
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substrates at the unbumed site contained a single filamentous green algae, two pennate 
diatom species and two species of blue-green algae. The algal community on the artificial 
substrates at the respective bumed and unbumed sites resembled the community found on 
the natural substrate in species composition. However, the artificial substrates at the 
bumed site contained less filamentous algae than the surrounding natural substrate. Algal 
growth on the artificial substrates appeared patchy compared to adjacent natural substrata.
Macroinvertebrates
Densitv
Zoobenthos density (Figure 11-B) was significantly higher at the bumed site compared 
to the unbumed site on Cummins Creek for all three sampling dates (P < 0.10, July; P < 
0.05, August; P < 0.01, October). Collectors comprised the largest percentage of the 
zoobenthos community at the bumed site throughout the study. Collector density (Figure 
12-C) was significantly higher at the bumed site than the unbumed site on Cummins Creek 
in July (P < 0.05), August (P < 0.01), and October (P < 0.01). Scrapers also made up a 
substantial percentage of the zoobenthos density at the bumed site throughout the study 
(Figure 12-A). Scraper density at the bumed site was significantly higher than at the 
unbumed site in August (P < 0.10) and October (P < 0.01). Filter feeder density at the 
bumed site on Cummins Creek (Figure 12-D) was significantly higher than the unbumed 
site in August (P < 0.05) and October (P < 0.01). Predator density (Figure 12-E) was 
significantly higher at the burned site in July (P < 0.10) and October (P < 0.05) and 
appeared to be higher at the bumed site in August, although statistically not significantly 
higher (P < 0.13). Shredders were the only functional group with a substantially higher
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density at the unbumed site on Cummins Creek in August (Figure 12-B) although this was 
not significant (P < 0.11).
Zoobenthos density in the South Fork of Coal Creek (Figure 11-A) was not 
significantly different between sites for the individual sampling dates. The logged site, in 
August, contained substantially more individuals than the unlogged site but was not 
significant (P <0.11). Predator density (Figure 13-E) at the logged site was significantly 
higher than the unlogged site in August (P < 0.05) and substantially higher at the logged 
site in October, although not significantly. Predators were the only functional feeding 
group with a significantly higher density at the logged site compared to the unlogged site 
throughout the study. Shredders (Figure 13-B) were the only functional group at the 
unlogged site with a significantly higher density than at the logged site (P < 0.05). The 
remaining functional feeding groups contained similar densities between the logged and 
unlogged sites.
Zoobenthos biomass at the bumed site on Cummins Creek (Figure 14-B) was 
significantly higher than at the unbumed site in July (P < 0.0001) and August (P < 0.01) 
but were similar in October. Collector biomass on Cummins Creek (Figure 15-C) was 
significantly higher at the bumed site in July (P < 0.01), August (P < 0.05), and October 
(P < 0.01). Predator biomass on Cummins Creek (Figure 15-E) was significantly higher 
at the bumed site in July (P < 0.01) and August (P < 0.01). No other functional feeding 
groups contained significantly higher biomass at the bumed site for any sampling date. 
Shredders (Figure 15-B) were the only functional group with a higher biomass at the
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unbumed site. Shredder biomass was significantly higher at the unbumed site in August 
(P < 0.10).
Zoobenthos biomass at the unlogged site on the South Fork of Coal Creek (Figure 14- 
A) was greater than at the logged site for all three sampling dates despite having lower 
densities in July and August. Zoobenthos biomass at the unlogged site was significantly 
higher than at the logged site in July only (P < 0.05). Biomass for individual functional 
feeding groups was generally higher at the unlogged site compared to the logged site on 
specific sampling dates. Scraper biomass (Figure 16-A) was significantly higher at the 
unlogged site in July (P < 0.05) and substantially higher in August (P < 0.12). Shredder 
biomass (Figure 16-B) was significantly higher at the unlogged site in July (P < 0.0001) 
and substantially, but not significantly, higher in August (P < 0.13). Filter feeder biomass 
at the unlogged site in July (Figure 16-D) was also substantially higher than the logged site 
but not significant (P < 0.11). Only two functional groups contained a higher biomass at 
the logged site. Predator biomass (Figure 16-E) was significantly higher at the logged site 
in October (P < 0.10) and collector biomass (Figure 16-C) was significantly higher at the 
logged site on the South Fork of Coal Creek in August (P < 0.10).
Two factor ANOVA and Student's unpaired t-tests of functional feeding group density 
and biomass are summarized in the Appendix (Table 5 and Table 6 respectively).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 2
CM
O)
E
1800
o—  Un logged 
—  Logged
1600-
1400 -
j»
1200 -
1000 -
800-
600-
400 T TT
July August October
CM
I
o>
E
July
1800
1600- — o—  Unburned 
— •—  Burned1400 -
1200 -
1000 -
800-
600-
400-
200 -
TT
August October
Figure 14: Mean zoobenthos biomass (mg m*2) at two sites on the South Fork of Coal 
Creek (A) and Curnmins Creek (B), Samples taken in July, August, and October, 1989. 
Error bars equal 1 standard deviation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
0.4
0.3
E
0.2E
0.1
0.250.0
Jiiy Auguftt
0.20
E 0.15
r
0.10
0.06
0.05
0.05
0.00
0.04 July
E
? 0.03
0.02
0.01
0.00 0.5
July August — Unburned 
•  Burned
0.4
0.3
02
0.7
0.1
0.6
0.5 0 0
August October
E
f
0.4
0.3
0.2
0.1
0.0
August
Figure 15: Mean biomass (mg m*2) of five zoobenthos functional feeding groups at 
Cummins Creek: scrapers (A), shredders (B), collectors (C), filter feeders (D), and 
predators (E). Samples taken in July, August, and October, 1989. Error bars equal 1 
standard deviation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
3 4
1.0
0 7 '
0 6 'E
?
0.4
0.3
0.2
0.1 0.0
0.0
0.7July August
0.6
0.5
£
? 0.4
0.3
0.14 0.2
0.12 01
0.00.10
•wy August October
o.oa
00 6
0.04
0.02
0.60.00
July August October
0.5
0.4
0.3
0.2
0.30
0.1
0.25
0.0
August0.20 July October
01 5
0.10
0.05
000
July August October
Figure 16: Mean biomass (mg m*2) of five zoobenthos functional feeding groups at the 
South Fork of Coal Creek: scrapers (A), shredders (B), collectors (C), filter feWers (D), 
and predators (E). Samples taken in July, August, and October, 1989. Error bars equal 1 
standard deviation.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Chapter V 
D iscussion
EsriphytQh
South Fork of Coal Creek
Clay tiles placed at the logged site on the South Fork of Coal Creek supported 
consistently higher periphyton biomass than the unlogged reference site (Figure 6-A). 
Chlorophyll a  biomass in the logged section was significantly higher than the unlogged 
reference section. Stimulation of algal growth was likely the result of increased light 
availability in the logged reach. Light intensity at the logged site on the South Fork of Coal 
Creek was nearly 100 percent greater than the unlogged site (Figure 5). Nutrient 
concentrations were not substantially different between logged and unlogged sites (Hauer 
and Blum, 1991). Periphyton growth in various closed canopied reaches has been shown 
to be light limited (Hansmann and Phinney, 1973; Lyford and Gregory, 1975; Homick et 
al., 1981; Rounick and Gregory, 1981; Bottet al., 1983; Minshall et al., 1983; Noel et 
al., 1986). Previous studies also link significant increases in light intensity following 
logging of the stream corridor with stimulation of periphyton growth in various streams 
(Lyford and Gregory, 1975; Rounick and Gregory, 1981; Hansmann and Phinney, 1973; 
Homick et al., 1981; Bott et al., 1983; Minshall et al., 1983; Shortreed and Stockner,
1983; Noel et al., 1986).
Periphyton density not only was increased in the logged reach, but the species 
composition also differed between logged and unlogged reaches. The logged site on the 
South Fork of Coal Creek was dominated by filamentous green algae consisting of 4 algal 
taxa while the unlogged site contained only one filamentous algal taxa (Figure 9). The latter
35
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site was dominated by diatoms. These results are consistent with previous studies which 
document increases in abundance of filamentous green algae after logging (Hansmann and 
Phinney, 1973; Webster et al., 1983; Keithan and Lowe, 1985; Lowe et al., 1986) and 
some attribute their presence to higher light intensities at open canopy sites (Lyford & 
Gregory, 1975; Shortreed and Stockner, 1983; Noel et al., 1986). The dominant 
filamentous algal species at the logged site were similar to the algal community at another 
logged stream reach described by Shortreed and Stockner (1983).
The diatom community at the unlogged site, although visible under the microscope and 
detectable using chlorophyll a extraction methods, is barely visible in the field. The 
unidentified thallus type green algae at the unlogged site seems similar to that reported by 
Lyford and Gregory (1975) at one of their reference sites; an upstream shaded site on a 
treatment stream.
Cummins Creek
During the first 2 months of the periphyton colonization experiment, there was no 
significant difference in growth between the bumed and unbumed stream reaches. 
Chlorophyll a levels increased markedly in the bumed site on the last sampling date 
reaching levels 4 fold higher than the unbumed control reach. However, there was no 
statistical difference in chlorophyll a at the two sites due to high between-sample variance. 
Increased variation between experimental tiles may have been due to non-uniform stream 
velocities over the various tiles. Stream flows declined considerably over the course of the 
experiment which ran from June 27 through October 3,1989. Thus, the wide fast flowing 
riffle area chosen for tile placement in June had become a slower-flowing riffle with uneven
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flow and small eddies, which likely would have affected periphyton growth on tiles 
situated in various stream conditions.
The increases in chlorophyll a in September at the bumed site, although not 
significantly different than the unbumed site, correspond with noticeable increases in 
periphyton growth observed in the field on the October sampling. The natural substrate at 
the bumed site had considerably greater algal growth than the unbumed site. Increased 
algal growth observed in the bumed reach on Cummins Creek is probably due to the 
combined effects of significantly higher light intensity and nutrient concentrations in the 
bumed reach. Minshall (1989) anticipated increased algal growth in the Greater 
Yellowstone Area due to higher light intensities and increased nutrient concentrations 
following the Yellowstone fires. Spencer and Hauer (1991) found substantial increases in 
nutrient concentrations at bumed sites compared to unbumed sites in streams encompassed 
by the Red Bench Fire in Glacier National Park. Other researchers also have documented 
increases in nutrient concentrations in streams following fires (Grier and Cole, 1971; 
Brown et al,. 1973; Lewis, 1974).
Periphyton growth appeared to be stimulated in stream reaches disturbed by fire 
(Cummins Creek) as well as logging (South Fork of Coal Creek). However, the timing of 
the response was markedly different m the two streams. Significantly increased algal 
growth on artificial substrates was noted within 2 weeks after placement in the logged 
stream. In contrast, increased algal growth in the bumed reach on Cummins Creek was not 
apparent until the last sampling period of the three month experiment (Figure 6-B).
This variable response time may be related to the timing of the original disturbance 
events. The logging activity on the South Fork of Coal Creek occurred 20 years prior to 
this study, while the fire occurred in 1988, one year before this study was initiated. Algal
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species data suggests that algal taxa adapted to the disturbed conditions in Cummins Creek 
may not have been present throughout the growth experiment. Thus, while the algal 
community in the logged reach was likely well adapted to the previous disturbance, the 
algal community in the bumed reach may still have been responding to the recent 
disturbance.
Periphyton growth in the bumed reach of Cummins Creek may have remained 
comparable to the unbumed site until day 97 due to the initial absence of algal taxa adapted 
to post-fire conditions. Nevertheless, by the end of the experiment, the bumed site on 
Cummins Creek contained 5 algal taxa not present at the unbumed reference site of which 
two were filamentous green algae (Figure 10). Patrick (1971) found that changes in algal 
community composition were greatest with changes in natural light conditions. She 
attributed these changes in community composition to varying tolerance limits by individual 
algal taxa to different light intensities. Lyford and Gregory (1975), in a study on the 
effects of shading on periphyton communities in the Cascade Range, also found that algal 
taxa were adapted to specific ranges of light intensity.
Significant differences in algal accumulation between the paired sites on Cummins 
Creek may have become apparent over time as more post-fire adapted algal taxa colonized 
the bumed site. Noel et al. (1986) found filamentous green algae (Chlorophyceae) to 
dominate cut over streams while diatoms (BacUlariophyceae) dominated reference sites. 
Lyford and Gregory (1975) and Hansmann and Phinney (1973) also found green algae to 
dominate in open canopy reaches. Cummins Creek and the South Fork of Coal Creek had 
two species of filamentous green algae in common as well as three pennate diatoms. 
However, the most abundant filamentous green algae at the logged site on the South Fork 
of Coal Creek was not present on Cummins Creek. This dominant member of the algal
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community on the South Fork of Coal Creek may have been absent from the bumed site 
during this first season after the fire. Shortreed and Stockner (1983) demonstrated that 
diatoms are more likely to exist in shaded sites than filamentous green algae which prefer 
higher light intensities. The algal community at the bumed site is probably in transition, 
changing from a community reflecting low light intensities under a closed canopy to one 
adapted to higher light intensities in an open canopy reach. Significant differences in algal 
growth between bumed and unbumed sites due to higher light intensities and increased 
nutrient concentrations may become more obvious over a longer time period following the 
fire as the algal community responds to this recent disturbance event.
Benthic Macroinvertebrates
Cummins Creek
The bumed site on Cummins Creek contained the highest mean zoobenthos density of 
the four sites on the two study streams. Densities at the bumed site were highest in July 
then declined steadily in late summer and fall. The observed decrease in density was 
possibly the result of losses due to emergence of adults. It is unlikely that the decreased 
density would be attributed to declines in food quantity (Merritt and Cummins, 1978; 
Butler, 1984; Sweeney, 1984). Roby (1989) found zoobenthos densities increased in a 10 
year study of a watershed bumed by wildfire. Minshall (1989) anticipated elevated 
numbers of zoobenthos in bumed streams of the Greater Yellowstone Area compared to 
unbumed streams.
Scraper densities at the bumed site exceeded those at the unbumed site on Cummins 
Creek corresponding to increases in algal growth. Other researchers have found increases 
in scraper densities corresponding to increases in algal growth in open canopy reaches
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(Hawkins et a l , 1982; Noel et al., 1986; Fuller et al., 1986; Behmer and Hawkins, 1986). 
Minshall (1989) predicted an increase in scraper densities paralleling increases in primary 
production following the burning of a watershed.
Collector and filter feeder densities at the bumed site on Cummins Creek were higher 
than at the unbumed site (Figure 12). These higher densities at the bumed site 
corresponded to increased concentrations of DOC (Spencer and Hauer, 1991). Higher 
DOC levels may have stimulated microbial activity in the bumed reach following the fire 
providing additional food resources for the collector and filter feeder groups. Mihuc 
(personal communication) found that microbial activity was nearly nonexistent on bumed 
material found in streams exposed to the Yellowstone fires. Increases in predator densities 
at the bumed site compared to the unbumed site were possibly in response to the increase 
in prey items in the scraper, collector and filter feeder guilds at the bumed site.
Zoobenthos biomass in July and August was higher at the bumed site compared to the 
unbumed site on Cummins Creek despite no apparent differences in algal growth and more 
than likely a greater abundance of leaf litter at the unbumed site. The higher zoobenthos 
biomass at the bumed site was possibly due to increased nutrient concentrations at the 
bumed site, especially DOC. Increases in DOC and other nutrients can stimulate microbial 
activity which greatly enhances the detrital food base for collectors (Minshall, personal 
communication). The collector guild comprised the largest percentage of the zoobenthos 
biomass at the bumed site in July and August and was significantly higher at the bumed 
site compared to the unbumed site on all three sampling dates. Behmer and Hawkins 
(1981) also found higher zoobenthos biomass in open canopy reaches than closed canopy 
reaches.
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South Fork of Coal Creek
Zoobenthos densities on the South Fork of Coal Creek did not show significant 
differences between logged and unlogged sites. Other researchers have found higher 
zoobenthos densities in open canopy reaches contrary to the results of this study. Murphy 
and Hall (1981), found higher zoobenthos densities in clear-cut sections of streams 
harvested 5-17 years previous. Other studies have also found higher zoobenthos densities 
in open canopy logged reaches than closed canopy old or second-growth reaches 
(Newbold, 1977; Gregory, 1980; Noel et al., 1986).
Previous research has shown an increase in scraper density in open canopy reaches 
compared to closed canopy reaches. Noel (1986) and Hawkins et al. (1982) found higher 
scraper densities in cut-over streams. Fuller et al. (1986) found higher densities of scraper 
taxa in open canopy reaches of streams artificially shaded and Behmer and Hawkins (1986) 
found scraper densities were higher in naturally occurring open canopy reaches when 
compared to shaded reaches.
Scraper densities were higher at the unlogged site in October despite significantly 
higher algal growth at the logged site. It is possible that secondary production of scrapers 
at the logged site was higher than the unlogged site, but the increased predator density at 
the logged site reduced scraper densities to insignificant numbers there compared to the 
unlogged site. Predator densities were significantly higher at the logged site compared to 
the unlogged site in August and substantially higher than the unlogged site in October.
This higher density of predators may have reduced scraper numbers at the logged site in 
August and October, thus, giving the illusion that scraper densities were food limited rather 
than depressed through predation.
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Shredder densities were higher in July at the unlogged site compared to the logged site. 
However, in August and October, shredder densities were greater at the logged site 
although not significantly. This higher density of shredders at the logged site was possibly 
due to the greater abundance of deciduous leaves in the logged reach derived from riparian 
shrubs, and ephemeral, and perennial herbs and forbs. The unlogged site contained a 
dense overstory of conifers shading the forest floor, which limited growth of deciduous 
shrubs whereas the logged site was dominated by second growth of deciduous shrubs and 
herbaceous vegetation. CPOM derived from deciduous vegetation is of higher nutritive 
quality than that derived from coniferous vegetation (Post and De La Cruz, 1977; Sweeney, 
1984; and Imbert and Pozo, 1988, Minshall et al., 1989).
Zoobenthos biomass in July was higher at the unlogged site than the logged site 
contrary to my original expectations. Other studies have documented higher zoobenthos 
biomass in open clear-cut reaches (Murphy et al., 1981) and in naturally occurring open 
canopy sites compared to closed canopy sites (Behmer and Hawkins, 1986). I expected 
that increased algal production in the logged reach would improve food quality compared to 
the unlogged reach and, thus, increase benthic invertebrate biomass. Anderson and 
Cummins (1974) assert that autochthonous food sources are of higher nutritive quality than 
allochthonous inputs. Algal growth was greater at the logged site compared to the 
unlogged site but zoobenthos density and biomass were not. Therefore, zoobenthos 
density and biomass were not food limited but may have been limited through predation. 
Predator biomass was higher at the logged site in October compared to the unlogged site 
and predator density was substantially higher at the logged site compared to the unlogged 
site. It is conceivable that the lack of significant differences in scraper density and biomass 
between the logged and unlogged site despite increased algal production at the logged site
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might be due to factors such as spring run-off, substrate composition, etc. However, these 
factors were not included in this study and remain hypothetical only.
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Chapter VI 
Summary
The differences in algal growth observed between burned and logged impacted sites 
compared to the respective unbumed and unlogged reference sites is likely due, in part, to 
the age of the two disturbance events. Logging in the clear-cut reach on the South Fork of 
Coal Creek occurred 20 years previous to this study. The Red Bench Fire ignited 293 days 
prior to submersion of the artificial substrates. Algal growth was higher at the logged site 
on the South Fork of Coal Creek compared to the unlogged site 2 weeks after submerging 
the tiles. Algal growth at the burned site on Cummins Creek was not significantly higher 
than the unbumed site during the entire 16 week study. However, increased algal growth 
was observed in the field on the final sampling date. The delayed response in algal growth 
at the burned site on Cummins Creek is possibly due to the absence of post-fire adapted 
algal taxa. Algal taxa adapted to higher light intensities characteristic of open canopy 
reaches had 20 years to colonize the logged site on the South Fork of Coal Creek before the 
artificial substrates were submerged.
Differences in zoobenthos density and biomass observed between burned and logged 
impacted sites compared to the respective unbumed and unlogged reference sites is also 
possibly due, in part, to the age of the two disturbance events. Zoobenthos density was 
not significantly different between the logged and unlogged sites on the South Fork of Coal 
Creek. No functional feeding guilds except predators had higher densities at the logged site 
compared to the unlogged site despite increased algal growth and, thus, higher food quality 
at the logged site. This may be due to the fact that the zoobenthos community at the logged 
site was moving towards equilibrium in response to the disturbance event. The higher
4 4
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density of predators at the logged site probably reduced scraper numbers there.
Zoobenthos density on Cummins Creek was higher at the burned site throughout the study 
compared to the unbumed site. Scrapers, collectors, filter feeders and predators all had 
higher densities at the burned site. These functional guilds were possibly increasing in 
density due to direct and indirect changes to the stream brought about by the disturbance 
event.
It would be interesting to repeat this study now that Cummins Creek has had 3 years to 
adapt to post-fire conditions. Algal growth was slow to respond to the higher light 
intensities at the burned site compared to the unbumed site during the summer of 1989. It 
is likely that in the two years since the artificial substrate experiment that algal growth has 
been substantially greater at the burned site compared to the unbumed site. Significant 
differences in algal growth between the burned and unbumed site probably occurs each 
July soon after peak discharge. Also, by increasing the number of artificial substrate 
replicates on each sampling date more accurate data might be obtainable by reducing the 
data variance caused by changes in stream flow over time.
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Conclusions
1. Periphyton growth was significantly higher at the logged site compared to the unlogged 
site apparently due to higher light intensities at the logged site.
2. Periphyton growth appeared to be stimulated in the fire impacted reach compared to the 
reference reach, but only at the end of the 3 month experiment. The increased 
periphyton growth was apparently due to higher light intensity and nutrient 
concentrations in the burned reach.
3. The apparent lag in algal growth response in the recently burned reach may have been 
due to the lack of post-fire adapted algal taxa.
4. Zoobenthos density was not significantly different between logged and unlogged sites 
possibly because the logged site is an old disturbance event with a significantly higher 
predator density than the unlogged site.
5. Zoobenthos density at the burned site was significantly higher compared to the 
unbumed site probably due to the higher nutrient concentrations and higher light 
intensity in the burned reach.
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Figure 17: Chlorophyll a  standing crop (A) and specific growth rate (B) at two sites on 
Lion Creek. Error bars equal 1 standard deviation. Specific growth rates were calculated 
for time intervals between sampling dates. Artificial substrates were placed in the stream 
for an 8 week period from June to August, 1989.
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Figure 18: Mean AFDM biomass of periphyton on artificial substrates at two sites on Lion 
Creek. Error bars equal 1 standard deviation. Artificial substrates were submerged for an 
8 week period from June to August, 1989.
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Figure 19: Mean zoobenthos density (A) (no. irr^) and biomass (B) (mg m'2) at two sites 
on Lion Creek. Samples taken in July, August, and October, 1989. Error bars equal 1 
standard deviation.
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Table 1: Physical and chemical data for one site at Lion Creek (A), two sites at the South Fork of Coal Creek (B). 
and two sites at Cummins Credt (C) for sampling dates in 1989 unless otherwise noted.
date Number 
of days
site Temp.
(C.)
mean Light 
(ftcdls.)
SRP
(ite/i)
TP
(Pg/1)
N02/3
(Pg/I)
NH3
(Pg/1)
TPN DOC
(Pg/I)
TSS
(mg/1)
Turb. Aik.
28-Jun-89 0 above
below
7
7 7.5 4.1 1.6 20.4 147.0 3.5 2.40 67.8
6-Jul-89 8 above
below
7
7
13-Jul-89 15 above
below
8.0
8.0
25-Jul-89 27 above
below
10.0
9.0 1.2 3.7 57.5 6.1 63.5 0.5 0.41
28-Aug-89 61 above
below
?
7.9
3
ND
3 Oct-89 97 above
below
6.2
5.0
3
5 1.2 3.3 52.8 2.8 94.4 0.25 100.1
All water chemistiy data for Lion Creek analyzed by FLBS on the following dates at the below site only: 6/6/89; 7/17/89; 9/19/89.
B
date Number 
of days
site Temp.
(C.)
mean Light 
(ftcdls.)***
SRPt
(Pg/I)
TPt
(Pg/I)
N02/31
(pg/1)
NH3t
(Hg/I)
TNt
(M8/I)
DOCt
(Hg/l)
TSSt
(mg/1)
Turb t Alkt
4-Jun-90 unlogged
logged
1.6
1.3
5.9
2.7
54.2
57.5
3.5
3.5
101.0
103.0
1.58
1.61
6.2
1.6
0.34
0.52
56.1
58.3
26-Jun-89 0 unlogged
logged
2.1
2.0
8.2
3.4
24.6
16.8
5.8
5.7
149.0
53.7
1.80
1.38
2.8
2.9
1.10
1.20
46.2
39.6
4-Jul-89 8 unlogged
logged
8.0
9.0
ll-Jul-89 15 unlogged
logged
7.0
9.0
23-Jul 89 27 unlogged
logged
26-Aug-89 61 unlogged
logged
7.9
9.0
18
630
5-Oct-89 101 unlogged
logged
4.1
4.0
20
767
1.9
1.4
6.1
7.0
34.4
34.4
6.9
5.2
64.6
72.0
1.02
0.95
0.5
0.5
0.26
0.39
70.4
71.5
t data for 1990 *p<0.01
date Number 
of days
site Temp.
(C.)
mean Light 
(ftcdls.)**
SRP
(Pg/l)
TP
(Rg/I)
N02/3
(ftg/l)
NH3
(pg/I)
TPN
(ftg/l)
DOC
(ftg/1)
TSS
(mg/l)
Turb. Aik.
1-Jun-89 unbumed
burned
5.4
7.4
2.2
2.2
3.1
9.1
2.5
25.4
3.8
5.4
38.2
115.0
2.35
2.94
0.8
2.0
0.91
1.70
9.9
11.0
27-Jun-89 0 unbumed
burned
5-Jul-89 8 unbumed
burned
7.0
9.0
12-Jul 89 15 unbumed
burned
8.0
12.0
24-Jul-89 27 unbumed
burned
11.0
13.5
2.0
3.2
6.6
11.5
6.1
5.0
9.4
6.0
109.0
159.0
1.45
2.61
0.5
0.5
0.42
0.64
15.4
12.1
27-Aug-89 61 unbumed
burned
9.0
10.2
59
180
2-Oct-89 97 unbumed
burned
5.4
3.9
70
280
1.6
2.7
5.0
9.4
2.5
2.5
2.5
3.8
55.9
124.0
1.28
2.84
0.5
0.6
0.54
1.00
14.9
17.6
**p < 0.05
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Table 2: Relative abundance of algae in the periphyton community on artificial and natural 
substrates at paired sites on Lion Creek (A), the South Fork of Coal Creek (B), and Cummins 
Creek (C), Abundance estimates were based on qualitative inspection of slide mounts fiom field 
samples. Algal taxa on the natural substrate were not sampled thoroughly thus the abundance of 
some taxa, although present, remains unknown.
Natural substrate
Type of algae Genus Above Below
Chlorophyta Ulothrix sp NPf NP
(filamentous green) Spirogyra sp NP NP
Oedogonium sp NP NP
Dr^amaldia sp NP NP
Stigeoclonium sp NP NP
Colonial green Pediastrium sp NP NP
Unicellular green Cloisterium sp NP NP
Cosmarium sp NP NP
Cyanophyta
(branching blue-greens) Phormidium sp NP NP
Tolypothrix sp NP NP
Baccillariophyceae
(pennate diatoms) Synedra sp rare NP
Hannaea sp uncommon uncommon
Meridion sp NP NP
Cymbellasp NP uncommon
fNot Present
B Artificial substrate Natural Substrate
Type of algae Genus Unlogged Logged Unlogged Logged
Chlorophyta 
(filamentous green)
Ëygnema sp 
Stigeoclonium sp 
Ulothrix sp 
Oedogonium sp 
Unknown 
filamentous
NP
NP
NP
NP
common
abundant
common
common
rare
NP
......NP.......
NP
NP
NP
common
abundant
unknown
unknown
unknown
NP
Unicellular green Cloisterium sp NP rare NP rare
BaccUlariophyceae 
(pennate diatoms) Hannaea sp 
Synedra sp 
EMdymosphenia sp 
Cymbella sp
uncommon
NP
uncommon
NP
uncommon
common
abundant
common
NP
uncommon
NP
NP
abundant
uncommon
common
common
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Artificial substrate Natural substrate
Type of algae Genus Unburned Burned Unburned Burned
Chlorophyta Ulothrix sp common "NP""... abundant
(filamentous green) Spirogyra sp NP common NP rare
Oedogonium sp common NP common NP
Dr^amaldia sp NP NP abundant common
Stigeoclonium sp rare common rare common
Colonial green Pediastrium sp "RP""" " rare unknown unknown
Unicellular green Cloisterium sp rare abundant NP uncommon
Cosmarium sp NP rare unknown unknown
Branching Blue-greens Pkormidium sp rare common unknown unknown
Baccillariophyceae
Tolypothrix sp uncommon rare unknown unknown
(pennate diatoms) Synedra sp common abundant common abundant
Hannaea sp uncommon uncommon uncommon uncommon
Meridion sp NP rare NP NP
Cymbella sp NP common NP common
Epithemia sp tt NP common unknown unknown
tflndicate low N:P ratio
Rhopalodia sp tt NP common unknown unknown
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South Fork of Coal Creek, and Cummins Creek.
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Scrapers Shredder Collector Filterer Predators
(attached algae) (CPOM/leaves) (diatoms /detritus) (FPOM) (engulfers)
Cinygmuia spt Z. coiumbianaf E. ineimis* P. elsist D. spînîfera*
Stenonema spt Z. cinctipest S. tibialist A. grandist D. doddsi*
R. robusta* Z oregonensist C. hystrix* H. oslarit D. coloradensts*
Rhithrogena spp* Visoka cataraclae P.vaciva* Dolophilodes spt
Rhithrogena sp* Malenka sp Baetis spp* D. theodora
R decqttivus* Zapadaspt A. connectust Simulium spt M watertonit
E. grandis* Nemouridae spt A. similort Prosimulium spt S, bradleyi*
E. tongimanus* Capniidae spt Ameletus spt S. parallelat
Y. brevist K. nonus*
P. badia* Despaxia sp K. modestus*
Micrasema spt Homophylax spt Paraleuctra sp Periodidae sp*
Ecclisomyia sp* K. perdita* Chloroperlinae spp*
Neothremma sp* Tipula sp* Paraperla fiontalis
Dicosmoecus spt Moselyana sp*
Anagapetus spt Rhyacophila spp*
Antochasp R. acropedesf
Deuterophlebia spt Pericomasp R. albertatt
Chironomidae qrp* R. kincaidi?t
R. hyalinatat
H. corpulentes* R. narvaef
R. raynerit
Hirudinea sp* R.vaccuat
OUgochaeta* R vagritat
R. valumat
R. verrulat
Hexatoma Spt
Lironophila spt
Dicranota spt
Atherix spt
Oreogeton spt
Chelifera Spt
Ceratopogonidae sp*
Glutops sp*
f̂acultative
tobligale
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Table 4: Relative abundance of zoobenthos taxa m'2 on Lion Creek based on means for each sampling 
date. Blank rows signify that taxa was not present at the site for the study time period. (R = rare (< 5); 
U = uncommon iS-25y, C = common (26-99); A = abundant (>100); P = present (not counted); N = not 
present)
TAXA
JULY AUGUST OCTOBBÎ
S I T E
JULY AUGUST o c r o e m
Above Above Above Below Below Below
Ephemeroptera
Rhithrogena robusta U C A N C A
Rhithrogena sp U N N R N N
Rhithrogena spp C N N C U N
Epeorus deceptivus A C N C C R
Epeorus grandis C N R N u A
Epeorus longimanus U N N U R N
Cinygmuia sp C U R C C R
Stenonema sp N N U C N R
Drunella doddsi U C C N u C
Drunella spinifera N N N R u U
Drunella coloradensis R U N R U N
Ephemerella inermis 
Serretella tibialis N N N U U N
Caudatella hystrix N N N R N N
Paraleptophlebia vaciva N N N N R U
Baetis spp A U U A C C
Ameletus oonnectus 
Ameletus similor 
Ameletus sp
Plecoptera
Zapada columbiana U U R C C A
Zapada cinctipes N N N R N N
Zapada oregonensis 
Zapada sp 
Visoka cataractae U N R N N N
Malenka sp 
Nemouridae sp N N U N N U
Capniidae sp N N N N R N
Yoraperla brevis U R R N R N
Pteronaroeila badia 
Despaxia sp C U U U U U
Paraleuctra sp 
Doroneuria theodora R N N R N R
Megarcys watertoni U R U R U U
Setvena bradleyi R N R N U R
Skwala parallels 
Kogotus modestus 
Kogotus nonus 
Periodidae sp 
Chloroperlinae spp U U U U C C
Paraperla frontalis U N U N R N
Kathroperla perdita
T richoptera
Parapsyche elsis N U U R U C
Arctopsyche grandis 
Hydropsyche oslari 
Dolophilodes sp
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Anagapetus sp N C U N U U
Ecclisomyia sp N N N N U U
Neothremma sp. N N N C A c
Homophylax sp 
Moselyana comosa 
Rhyacophila spp R N N U R u
Rhyacophila acropedes N N N R N R
Rhyacophila sp? (alberta) R N N N N N
Rhyacophila sp? N N N U C N
(kincaidi)
Rhyacophila hyalinata N N N N N R
Rhyacophila narvae N R R U U N
Rhyacophila rayneri 
Rhyacophila vaccua N N N N R U
Rhyacophila vagrita N N N N R N
Rhyacophila valuma N R R U U U
Rhyacophila verrula N N N R N N
Diptera
Simulium sp 
Prosimulium sp C U N U R R
Antochasp 
Pericoma sp 
Chironomidae spp C U R A U U
Tipula sp 
Hexatoma sp 
Limnophila sp U N N N N N
Dicranota sp N R R R R U
Oreogeton sp U R U U R U
Chelifera sp N N N C C U
Atherix sp 
Ceratopogonidae sp 
Glutops sp  
Deuterophlebia sp
Miscellaneous
Heteriimnius corpulentes U R N N R R
Hirudinea sp N R R U R U
Oligochaetasp P P P P P P
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Table 5: Relative abundance of zoobenthos taxa m 2 on the South Fork of Coal Creek based on 
means for each sampling date. Blank rows signify that taxa was not present at the site for the study 
time period. (R = rare (< 5); U = uncommon (5-25); C = common (26-99); A = abundant (>100); 
P = present (not counted); N = not present)
TAXA S I T E
JULY AUGUST OCTOBER
Ameletus similor 
Ameletus sp
JULY AUGUST OCTOBER
Unlogged Unlogged Unlogged Logged Logged Logged
Ephemeroptera
Rhithrogena robusta U U A U C A
Rhithrogena sp C R R C N N
Rhithrogena spp c C C C A C
Epeorus deceptivus A A U A A U
Epeorus grandis U A A U C A
Epeorus longimanus U R U U U U
Cinygmuia sp A U R A U R
Stenonema sp N N U N U C
Drunella doddsi U C A U U C
Drunella spinifera U N N N N U
Drunella coloradensis C C N U C N
Ephemerella inermis 
Serretella tibialis C U N U C N
Caudatella hystrix R N N N N N
Paraleptophlebia vaciva 
Baetis spp A A A C C C
Ameletus connectus N N N R N N
Plecoptera
Zapada columbiana 
Zapada cinctipes 
21apada oregonensis
Visoka cataractae 
Malenka sp 
Nemouridae sp 
Capniidae sp 
Yoraperla brevis 
Pteronarcella badia 
Despaxia sp 
Paraleuctra sp 
Doroneuria theodora 
Megarcys watertoni 
Setvena bradleyi 
Skwala parallela 
Kogotus modestus 
Kogotus nonus 
Periodidae sp 
Chloroperlinae spp 
Paraperla frontalis 
Kathroperla perdita
Trichoptera
Parapsyche elsis 
Arctopsyche grandis 
Hydropsyche oslari 
Dolophilodes sp 
Dicosmoecus sp 
Micrasema sp
A C C U A A
N N N N N U
N N U U N U
U
C C C N R N
U U C C C A
N N N N N R
N R N N N R
C U C U C C
N R N N N N
N N N R N N
C C C A A A
U R N R U N
N N N N U N
U C A R C C
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Anagapetus sp N R N N N R
Ecclisomyia sp 
Neothremma sp. 
Homophylax sp 
Moseiyana comosa 
Rhyacophila spp U U U R C C
Rhyacophila acropedes N R R R U U
Rhyacophila sp? R N N N N N
(alb erta) 
Rhyacophila sp? R R U U U U
(kincaidi)
Rhyacophila hyalinata N U C R U U
Rhyacophila narvae R U N N R R
Rhyacophila rayneri 
Rhyacophila vaccua C U C U U C
Rhyacophila vagrita N N N N R N
Rhyacophila valuma C U U U C U
Rhyacophila verrula R N N N N N
Diptera
Simulium sp N A U C A U
Prosimulium sp R U N R C N
Antocha sp N R N R N N
Pericoma sp N N N N N C
Chironomidae spp C A C A A A
Tipula sp N N N R N N
Hexatoma sp N N N R U U
Limnophila sp 
Dicranota sp N N R R N R
Oreogeton sp R U N U U N
Chelifera sp N U U R N N
Atherix sp 
Ceratopogonidae sp N R R N N N
Glutops sp 
Deuterophlebia sp N N N R N N
Miscellaneous
Heteriimnius corpulentes U U U U C U
Hirudinea sp U R N N N R
Oligochaeta sp P P P P P P
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Table 6: Relative abundance of zoobenthos taxa m‘2 on Qimmins Creek based on means for each 
sampling date. Blank rows signify that taxa was not present at the site for the study time period. 
(R = rare (< 5); U = uncommon (5-25); C = common (26-99); A = abundant (>100); A = 
abundant; P = present (not cotmted); N = not present).
TAXA
JULY AUGUST OCTOBffl
S I T E
JULY AUGUST OCnOGER
Unburned Unburned Unburned Burned Burned Burned
Ephemeroptera
Rhithrogena robusta R C A N N A
Rhithrogena sp N N N U N N
Rhithrogena spp A A N U C C
Epeorus deceptivus A C R U C N
Epeorus grandis U C U N N N
Epeorus longimanus C N N U N N
Cinygmuia sp C U R N N U
Stenonema sp N N U N N C
Drunella doddsi U C C U U A
Drunella spinifera N R R U U C
Drunella coloradensis U N N U N N
Ephemerella inermis N N U N N C
Serretella tibialis C U N A C N
Caudatella hystrix N N R U N U
Paraleptophlebia 
vaciva 
Baetis spp C U C A A A
Ameletus connectus R N N N N N
Ameletus similor N N R N N N
Ameletus sp
Plecoptera
Zapada columbiana 
Zapada dnctipes 
Zapada oregonensis 
Zapada sp 
Visoka cataractae 
Malenka sp 
Nemouridae sp 
Capniidae sp 
Yoraperla brevis 
Pteronarcella badia 
Despaxia sp 
Paraleuctra sp 
Doroneuria theodora 
Megarcys watertoni 
Setvena bradleyi 
Skwala parallela 
Kogotus modestus 
Kogotus nonus 
Periodidae sp 
Chloroperlinae spp 
Paraperla frontalis 
Kathroperla perdita
C A C A C C
N N R U U A
N N N U N N
N R N c N N
R N U u N N
N N N R N N
U U U U N U
R R N N N N
N N N C U N
U U U U N U
N N U N N N
U C C U C C
U N R U R N
N N N N U U
N
A
U
N
N N U N N
A A A A A
U R U N U
N R N N N
Trichoptera
Parapsyche elsis 
Arctopsyche grandis 
Hydropsyche oslari 
Dolophilodes sp
U C C R R U
N N N R C U
N N N U R c
N N N N U R
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Dicosmoecus sp N N N N R N
Micrasema sp R N N A A A
Anagapetus sp R C C R N N
Ecclisomyia sp N N N R N N
Neothremma sp. 
Homophylax sp N N U N N N
Moselyana comosa R N N N N N
Rhyacophila spp R U N U N N
Rhyacophila acropedes U U U C C C
Rhyacophila sp? N N N R N N
(alberta)
Rhyacophila sp? (kincaidi) 
Rhyacophila hyalinata R N N N U N
Rhyacophila narvae R N U C U C
Rhyacophila rayneri 
Rhyacophila vaccua U C C u C U
Rhyacophila vagrita N N N R N N
Rhyacophila valuma R U R N N N
Rhyacophila verrula
Diptera
Simulium sp N U N A C C
Prosimulium sp R N N C N N
Antocha sp N N N N N C
Pericoma sp N N N N N U
Chironomidae spp A C A A A A
Tipula sp 
Hexatoma sp N R N N N N
Limnophila sp N N R U N U
Dicranota sp R U R N U R
Oreogeton sp R N N N U N
Chelifera sp N U R R N N
Atherix sp 
Ceratopogonidae sp N N N N N R
Glutops sp N U N C U U
Deuterophlebia sp
Miscellaneous
Heteriimnius R U U A A A
corpulentes 
Hirudinea sp N N N N U N
Oligochaeta sp P NP P P P P
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Stream Functional group
Datç$ 
(within sites)
DENSITY
Sites 
(between sites)
Date X Site 
study period
Datç? 
(within sites)
mOMASS
Sites 
(between sites)
Date X Site 
study period
Lion
scraper <0.02 <0.01 <0.10 <0.18 <0.58 <0.01
shredder <0.10 <0.01 <0.10 <0.05 <0.01 <0.02
collector <0.02 <0.01 <0.32 <0.01 <0.001 <0.01
filterer <0.17 <0.29 <0.10 <0.28 <0.72 <0.54
predator <0.76 <0.01 <0.22 <0.05 <0.05 <0.99
South Fork of Coal Creek
scraper <0.03 <0.45 <0.42 <0.05 <0.05 <0.62
shredder <0.18 <0.72 <0.04 <0.02 <0.02 <0.72
collector <0.58 <0.95 <0.43 <0.22 <0.58 <0.46
filterer <0.05 <0.80 <0.15 <0.66 <0.02 <0.98
predator <0.38 <0.15 <0.39 <0.41 <0.28 <0.02
Cummins Creek
scraper <0.22 <0.02 <0.54 <0.03 <0.34 <0.54
shredder <0.31 <0.24 <0.10 <0..46 <0.24 <0.45
collector <0.001 <0.0001 <0.01 <0.0001 <0.0001 <0.0001
filterer <051 <0.05 <0.28 <0.67 <0.55 <0.77
predator <0.47 <0.01 <0.67 <0.09 <0.0001 <0.02
C/)
C/) Table 7: Density and biomass seasonal variation within sites and differences between sites for functional feeding groups
during the study period at Lion Creek, the South Fork of Coal Creek, and Cummins Creek. Significance tests 
based on two factor ANOVA.
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Stream Functional group JULY
DENSITY
AUGUST OCTOBER JULY
biomass
AUGUST OCTOBER
Lion Creek
scraper below** below** above** below*
shredder below** below**
collector below** below* below* below***
filterer
predator below* below** below*
South Fork of Coal Creek
saaper unlogged**
shredder unlogged** unlogged*****
collector
filterer
predator logged** logged*
Cummins Creek
scr^r burned* burned***
shredder unbumed*
collector burned** burned*** burned*** burned*** burned** burned***
filterer burned** burned***
predator burned* burned** burned*** burned***
*P<0.10 
**P<0.05 
***P < 0.01
****P< 0.001 
*****P< 0.0001
Table 8: Significant differences in density and biomass for functional feeding groups between paired sites on Lion Creek, South Fork
of Coal Creek, and Cummins Creek. Unpaired student's t-tests used to determine significance. Monthly columns include name 
of site that is significantly higher.
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